Aggregates are major constituents in construction, the global request for which approaches some 22 9 billion tonnes per year. Some major challenges follow; first of all the dependency on geological condi-10 tions and the availability of resources; secondly the traffic, emissions and energy use connected with 11 transportation; thirdly the technology of utilising resources with a variety of properties to meet user 12 requirements; and finally -getting more awareness -the land use conflicts and environmental impact 13 of the aggregate and quarrying industry, and the need for making these activities sustainable.
14 Aggregate standards have primarily been written by engineers. And engineers are first of all con-15 cerned with technical requirements. However, in the future, there will be a greater focus on environ-16 mental impact and sustainability. 17 Geological resources are non-renewable, which e.g. can be seen in the rapid depletion of natural 18 sand/gravel deposits. This causes increasing awareness along with environmental impact; conflicts of 19 interest concerning land-use; sustainability in mass balance; and not least -increasing transport dis-20 tances required to get the materials to the places of use. 21 The principle of a Best Available Concept (BAC) for aggregate production and use is introduced, 22 working with four essential phases: Inventory and planning, Quarrying and production, Use of aggre- The access to materials has been identified as one of the major global drivers in the years to come. 31 This will also apply to natural aggregates -sand, gravel, and crushed stone -, which are essential re-32 sources for use in construction and by far the most used material worldwide, second only to water 33 (Langer et al. 2004) . Despite the fact that natural aggregate is widely distributed throughout the world, 34 it is not necessarily available for use. For example, some areas do not have sand or gravel, or in other 35 areas, natural aggregate does not meet the quality requirements for use or may react adversely (Langer 36 et al. 2004; Langer 2009 ). 37 Aggregates make up some 70 % of the volume of concrete and 90 % of road pavements, and are in-38 dispensable constituents for the construction industry (Brown et al. 2013 , Neeb 2013 ). During 1998, 39 worldwide, about 20 billion tonnes of aggregate worth about 120 billion Euros were produced (Well- The consumption of sand/gravel as construction aggregates accelerated a generation ago, at the be-44 ginning of the post-war era of major construction and infrastructure projects. In Norway the construc-45 tion of large off-shore structures, bridges, dams and office buildings in concrete resulted in a rapid de-46 pletion of the glaciofluvial sand/gravel deposits. Aggregates from these sources were also to a large 47 degree exported for use in European infrastructure projects. As a result of this it has been estimated by 48 the present authors that as much as 80 % of all Norwegian, glaciofluvial sand/gravel ever extracted 49 from the nature may have been taken out during the last generation. According to estimations made by 50 Langer and co-authors (2004) 
Energy consumption
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The energy issue is a very complicated one, owing to an assortment of energy types used and vari- The type of energy used also depends much on the geological setting: producing aggregates from 169 crushed rock requires more energy for processing than excavating sand and gravel. The latter, how-170 ever, use more energy for transportation within the quarry itself, partly due to the extensive use of 171 wheel loaders.
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Considering these numbers, it shall be taken into account that one cannot compare the energy con-173 sumption for 1 kg of steel, cement and aggregates respectively. Focus must be on the functional unit in 174 which the materials are used (e.g. 1 m 3 of concrete). The numbers only give an idea of energy con-175 sumption related to the first two phases of the life cycle; extraction and production).
176
Taking into account that the production of 1 m 3 of concrete typically requires about 2 tonnes of ag- will be realistic to estimate an average equivalent road transport of some 40 km, which for 2.5 billion 204 tonnes means 100 billion ton-km per year, which will be responsible for something of the order of 10- The characteristics of the geological material -mineral composition, structure and texture, crystal 222 size, alterations, and -for a sand/gravel -the particle shape, grading, and surface properties, will be 223 determinant both for product materials properties and for the choice of manufacturing processes.
224
There is interdependency between geology and production technology, as one and the same manu-225 facturing process will not be suitable independently of the rock type and the quarry setting. Similarly, 226 an optimum e.g. concrete proportioning will have to be adapted to the aggregate characteristics, given 227 partly from the geological parameters, partly by the parameters determined from processing. And fi-228 nally -the other way around -the requirements to the end-product in terms of e.g. mechanical proper-229 ties and durability versus specific exposure conditions, will often be decisive for the choice of the geo-230 logical raw material as well as for the production process to be designed. Each of these phases will contain a number of sub-activities. Within each essential phase there will 267 also be a set of environmental challenges and sustainability issues to be handled. Elements of BAC 268 will have to be identified for each of these within the overall concept -to reduce environmental impact 269 and to improve sustainability (table 1) .
270
In many European countries, like in Norway, a key issue will be the management of resources.
271
Natural sand/gravel (glaciofluvial or fluvial) is being rapidly depleted, and is a source of conflict re-272 garding land use. In Norway, the most important precaution supported by research has been to gradu-273 ally replace the natural sand/gravel with crushed (manufactured) aggregates. As can be seen from The gradual transfer to using crushed hard rock instead of sand/gravel has been mentioned. In city 
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-There is a general lack of knowledge in the society concerning the importance of mineral re-380 sources to a modern society.
381
-There is a lack of mutual understanding of land use management measures for mineral re-382 sources.
383
-There is a lack of integration between management levels, particularly involving the local 384 communities and land owners.
385
-No appropriate tools exist to classify and predict the value -in a broad sense; technical, eco-386 nomic and environmental -and importance of mineral resources on a short and long term.
387
-Mineral resource databases must be integrated with other spatial datasets on land use planning.
389
Optimum production and use 390 An urgent need, and a major challenge will be to comply with increasing requirements and expecta-391 tions concerning sustainability and environmental profile, while at the same time keeping up a cost ef-392 fective and profitable production and meeting the relevant technical requirements.
393
The future potential in development of production and use could be connected with: 
